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Agent: 

[There are no amendments to this patent] 
^1 Awaterpurificationmethod,characterizedinthat.inamethodforoxi^^^^^^^ 

and adding a small amount of binder, followed by molding and 8nng. 

=^*^^^^::S?.oame.odforpn„lymgwa.e..wbe.u.aviol.^^^^^^ 
.eaJ'rr— .«ga,a.o.e.en«ofw3.ewa,«o,— «.wa,e.m 
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accordance wifl, wastewato regulations. However, a higher level puriflcalion trealraen. 
.«M«oIoa, is desired. Among contaminants that are to be treated by high-level purification 
^ents^ the removal or sohrble organic compounds is one of the most difiicul. problems In 
the past, ttese substances have been removed by means of adson,.io„ on activated carbon ' 
passage through membranes and ozone oxidation, among other methods. However, removal 
methods have recently been devetoped which involve photooxidation 

Active «bon adsorption methods are currently the most widely implemented. Although 
there are «, problems m tenns of practical use if the molecular weight of the soluble oreanic 

compounds .s about 100-10,000, the adson,tt„n capacity with respect to high-molecularweight 
compounds such as humic acid or saturated compounds havmg comparatively low molecular 
weight .s small. Consequently, a large volume of activated carbon is required in ™der to 
completely remove these substances, which has substantial economic disadvantages when the 
method ,s actually implemented due to the consumpdon of large quantities of flae material 
Membrane passage methods are excellent treatment methods in that they consume small amounts 

17 f"' r K '»-™l«..lar-weight compounds such as 

alcohols, and they have problems with clogging of the membrane and degradation of the 
membrane due to microorganism growth. They also have problems with elution of fibn 
components. Ozone oxidation methods require additional treatments because the soluble organic 
cornponents are not completely oxidized to carbon dioxide gas or water. Phot«^^^^^ 
dut mvolve e conjunctive use of halogen oxidation agents such as sodium pe^hlorite cause the 
generatton of tnhalomethane, which is conside,^ to be cat^inogenic. Tl,ere is also the 
cottcomttant undesirable effect that the amount of chlorine ions or sodium ions in the treated 

tot does not have the above types of disadvantages due to the use of a photooxidadvc catalyst 
Tte of photooxidation m«hod is carried out by perfonning irradiation with ultraviolet li^t 
whrle brmgtng a flow of water into contact with a photooxidation catalyst composed of titanit™ 
I^ Tf J ■^"•^ carrying a platinum group metal in the presence of 

sufBcen. soluble oxygen to bring about the decomposition and elimination of contaminants, to 
n.ethods for removmg contaminants by means of the photooxidation method, electrons and holes 
are gene«,ed at the surface of the photooxidation catalyst due to photon energy. By means of the 

which have high oxtdattve capacity, and the method thus employs the reaction whereby these 
spectes cause oxidation of the c^rtaminants. As a result, flte contaminants undergo oxidative 
decomposttton without flte addition of oxidaUon agent that has be«, used in the past in order to 
oxtdtze and decompose contaminants. Cons«,uently, the contaminants can thereby be converted 
mto harmless carbon dioxide gas and water. The catalyst that is used is not influenced by water 
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because it is composed of titanium oxide and a platinum group metal. Because there are no 
remaining oxidation agent decomposition productsofthe type present in conventional oxidati^^ 

methods, it is possible to eliminate contaminants by simply bringing the water tobetreat^^^ 
which contains soluble oxygen into contact with the photooxidation catalyst p^icles while 
irradiating it with ultraviolet Ught. Consequently, the method is extremely useful as a method for 
purifying water. A number of methods for purifying water which employ photooxidation 
Ltalysts have been proposed heretofore, but the fom. in which the photooxidation catalyst IS 

used in these proposed methods is a powder. Tliis form of substance is used in order to reduce 
the rate of recombination of holes and electrons generated due to ultraviolet Ught at the surface 
of the photooxidation catalyst as described above. In other words, the use of the photooxidation 
catalyst in the form of a powder greatly increases the oxidation efficiency of organu: matenal, 
and the oxidation efficiency improves as the photooxidation catalyst powder is made 

increasingly fine. r * • 

However, when titanium oxide powder is used for the purification of water m 
conventional methods, there are problems with separation of the photooxidation catal^t and 
water after water purification, which makes separation and recovery of the catalyst difficult. 
Titanium oxide and platinum group metals are costly, and so it is absolutely necessary to recover 
and reuse the catalyst in order to allow economic water purification. However, when the 
photooxidation catalyst is a powder, complete recovery and reuse is impossible. This issue has 
been found to be a significant problem in terms of practical use of the method. 

The present invention was developed in Ught of the aforementioned considerations, and 
offers a method for purifying water, wherein the photooxidation catalyst is used m the form of a 
molding, and contaminants are removed by inradiating wastewater containing contaminants with 
ultraviolet Ught in the presence of sufficient dissolved oxygen and the photooxidation catalyst. 
Consequently, it is not necessary to perform a separation and recovery process for the 
photooxidation catalyst after the substance is used. . . ^ u a 

The water purification method carried out according to the present invention is described 
below When titanium oxide is used as the catalyst, the titanium oxide may be used m the form 
of a molding in order to avoid the disadvantages of using a powder. However, because it is 
difficult with titanium oxide to bring about binding between particles at low temperatures, it is 
difficult to produce a molding that has sufficient mechanical stirength. Conversely, although it 
will be possible to obtain a molding that has good mechanical strength if high-temperature 
binding is carried out. effective photocatalytic activity will not be obtained. The inventors of the 
present invention et al. carried out painstaking investigations with the objective of avoiding 
disadvantages with titanium oxide photooxidation catalysts. As a result, it was discovered that a 
molding having high photocatalytic activity could be obtained by firmly affixing titamum oxide 
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by the methcxi described below to the surface of a molding composed of the inorganic material 
descnbed below, and that the use of this photooxidative catalyst allows the removal of 
contaminants contained in wastewater with good efiBciency. 

The inorganic material is primarily composed of any substance selected from alumina 
sUica, titamum oxide. muUite and cordierite. where these substances may be used individually or 
in mixtures. A small quantity of binder is added in order to produce the molding by means of 
molding followed by firing. The shape of the molding can be any desired fonn such as 
plate-form, disk-form or cyhndrical form. In addition, it is desirable to use a material that has 
high photoirradiation surface area by making the material porous or by providing 
nonuniformities at the surface, while allowing the material to fit into the device that is used By 
this means, a form is produced whereby the light irradiation surface area can be efficiently 
utilized. Examples of inorganic materials include, in addition to those mentioned above, feldspar 
porcelam composed of clay or other material, unglazed ceramic membranes used for electrolysis' 
roofing tile and other ceramics, and brick, tile and other masomy materials, provided that organic 
titanate can be affixed thereto. 

The photooxidation catalyst is formed by affixing organic titanate to the surface of the 
aforementioned inorganic material molding, and then treating the material under uniform firing 
conditions m order to form titanium oxide. As necessary, a platinum group metal can be 
supported thereupon. The production method is described below. The organic titanate that is 
affixed to the surface of the inorganic material is alkyl titanate, allyl titanate, titanium acylate or 
titamum chelate, and one substance may be selected from among these, or mixtures of two or 
more types may be used. The titanate can be used as a solution by means of dissolving it in a 
diluent such as methanol, ethanol, propanol, butanol, benzene, toluene, hexane, carbon 
tetrachloride, methyl chloroform or acetic acid. Alternatively, it can be used as a titanium 
chlelate such as dihydroxybis(lactato)titanium monoammonium salt by forming an aqueous 
solution using water as a diluent. The substance is then affixed to the surface of the molding. 
Affixing methods that may be used are methods wherein the molding is immersed in the organic 
titanate solution and removed, methods wherein the organic titanate solution is applied with a 
brush or other implement, or methods wherein the solution is sprayed with a sprayer. The 
inorganic material molding with afSxed organic titanate is then dried at 100-1 lO'C. and is 
subjected to a firing treatment in an oxidative gas atmosphere at a firing temperatui^e in the range 
of 350-700-C, with 400-500-C being preferred. As a result, the organic titanate is subjected to 
oxidative decomposition in order to produce a molding that is coated with titamum oxide having 
high photooxidative catalytic activity. In terms of firing temperature, titanium oxide having 
photooxidative catalytic activity is first obtained at SSO'C. but at high temperatures of 700-C or 
greater, photooxidative catalytic activity is lost. If the amount of organic titanate on the surface 
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of the inorganic material is too great, then cracking will occur in the drying or firing process, and 
there is the danger that material will separate from the surface of the molding. In order to prevent 
this from occurring, the coating amount of organic titanate applied per procedure must be 
increased. In other words, a material having the desired titanium oxide fihn thickness is prepared 
by repeating the organic titanate coating-drying-firing process a number of times as necessary. 
The molding having affixed titanium oxide obtained in this manner is sufficient for use as a 
photooxidative catalyst molding for purifying water, but by carrying a platinum group metal on 
the surface of this titanium oxide, a photooxidation catalyst molding can be obtained which is 
additionally effective. Examples of metals that may be supported thereupon include platinum, 
palladium, rhodium and ruthenium, where one type of substance may be used, or a mixture of 
two more types may be used. Examples of methods whereby these metals are supported on the 
molding having affixed titanium oxide include methods wherein the metal is supported by 
irradiating the molding while it is immersed in an aqueous solution containing the metal in the 
form of a water-soluble inorganic compound, or methods wherein a reducing agent is added in 
order to bring about support of the metal. The primary objective of carrying the metal on the 
titanium oxide is to prevent recombination of holes and electrons generated at the surface of the 
titanium oxide. The photooxidation catalyst activity increases with decreasing coating ratio of 
metal with respect to photoirradiation surface area, or with an increase in the number of metal 
spots per unit photoirradiation surface area. For this reason, the metal is supported thereupon 
while controlling the affixed amount of metal, and the condition in which the metal is affixed. 
The amount of metal is 0.01-1 wt% with respect to the amount of titanium oxide. 

The figure is a diagram that shows a basic schematic of the water purification device that 
employs the photooxidation catalyst of the present invention. 

The reaction tank (3) contains a plate-form photooxidation catalyst molding (2) that is 
coated with titanium oxide or titanium oxide carrying platinum, with a light source (1) installed 
in the upper region. The light source, for example, is a high-pressure mercury lamp, low-pressure 
mercury lamp, black lamp or xenon lamp that generates light of wavelength 420 ran or less. 
When used in a condition in which the light source is immersed, the lamp is inserted in a quartz 
tube in order to protect the light source. When a high-pressure mercury lamp is to be used, Pyrex 
glass or other such material may also be used. Tlie water to be treated is introduced into the 
reaction tank (3) from an introduction opening (6) using a pump (7), and air or oxygen is 
introduced into the gas dispersion tube (4). Irradiation is then carried out usmg the Ught source 
(1), thereby oxidizing the contaminants at the photooxidation catalyst, and the treated water is 
discharged from the water discharge opening (5). The discharged water can be recirculated to the 
reaction tank (3) by the pump (7) as necessary. 



7 



In the water purification method used in this configuration, the titanium oxide is not in 
powder fom, and there is thus no need for separating and recovering the material. Because the 
titanium oxide is firmly affixed to the molding, the material can be used over a long period of 
time without falling off. Because high-activity oxidative capacity can be maintained, treatment of 
contaminated water can be carried out with good efficiency. If an ultraviolet light is used as the 
irradiation light, superior effect is achieved because sterilization of mold, bacteria and viruses is 
simultaneously carried out. 

Application examples are presented below. 

Apphcation Example 1 

A 5 X 5-cm glass plate was immersed in a mixed solution of 10 parts 
diisopropoxybis(acetylacetonato)titanium, 90 parts isopropyl alcohol and 200 parts methanol, 
and the plate was then removed and dried for 30 min at 110°C. The material was then fired fJr 
30 min at 500°C in an oxygen atmosphere, thus producing a glass plate with coated titanium 
oxide. After then immersing this material in an aqueous palladium nitrate solution, ascorbic acid 
was added as a reducing agent, and thermal treatment was carried out by heating in order to bring 
about support of the palladium thereupon. The photooxidation catalyst obtained in this manner 
was then immersed in a reaction tank along with 100 mL dextran solution (CODa concentration 
50 mg/L), and oxygen was bubbled therein. Irradiation was then performed for 12 h with a 
100-W high-pressure mercury lamp. The resulting CODa concentration was 14 mg/L. 

Application Example 2 

A porous cylindrical molding with a diameter of 4.3 cm, a length of 20.0 cm and a 
thickness of 4 mm composed of alumina coated onto a glass surface (product name, Kerami 
Filter) was immersed in a mixed solution composed of 30 parts isopropyl titanate, 130 parts 
isopropyl alcohol and 10 parts acetic acid, and the cylinder was removed therefrom and dried for 
1 h at 1 10-C. The material was then fired for 5 h at 400°C in an air atmosphere, thus obtaining a 
molding that was coated with titanium oxide. Ultrasonication cleaning was then carried out, and 
the titanium oxide that was not strongly affixed was removed. Subsequently, the molding coated 
with titanium oxide was immersed in an aqueous solution containing acetic acid, sodium acetate 
and chloroplatinic acid, and in this condition, the material was irradiated from within with a 
100-W high-pressure mercury lamp in order to cause the platinum to be carried thereupon. 

The photooxidation catalyst molding obtained in this manner was then subjected to 
sonication washing, and was inserted into a reaction tank along with 500 mL of dextran solution 
(CODcr 43 mg/L). The material was iiradiated for 6 h with a 100-W high-pressure mercury lamp 
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while bubbling air. The CODcr concentration decreased to 7 mg/L. The generation of carbon 
dioxide gas was observed during this time. 

A pplication Example 3 

The photooxidation catalyst used in Application Example 2 was employed, and was 
irradiated with light using a 6-W ultraviolet sterilization lamp while bubbling air into a reaction 
tank containing 500 mL of an aqueous solution containing various types of organic material. The 
results are presented in the table below. 
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Key: 1 Organic substance 

2 Phenol 
Polyvinyl alcohol 
Lignin 

Humic acid 
Acetic acid 
Detergent* 

3 Photoirradiation time 

4 22h 

5 Initial concentration (CODcr) 

6 Final concentration (CODcr) 

7 * Kao Soap; Kitchen detergent (product name Chierina) 

A pplication Example 4 

A circular molding with a diameter of 4.0 cm and a thickness of 5 mm composed of 
muUite (2Al203*5Si02) was immersed in a mixed solution composed of 20 parts hydroxytitanium 
stearate, 10 parts phenyl titanate and 130 parts toluene, and was removed therefrom and dried for 



1 h at 1 lOX. The material was then fired for I h at 500X in an air atmosphere, and a molding 
coated with titanium oxide was obtained. This molding was then inmiersed as photooxidation 
catalyst into a reaction tank along with 100 mL of dextran solution (CODcr) 40 mg/L), and was 
irradiated for 15 min with a 100-W high-pressure mercury lamp while bubbling air. The CODcr 
concentration decreased to 20 mg/L. 

Brief description of the figures 

The figure is a basic schematic explanatory diagram of a water purification device 
employing the photooxidation catalyst of the present invention. 

1 Light source 

2 Photooxidation catalyst 

3 Reaction tank 

4 Air dispersion tube 

5 Discharge water opening 

6 Introduction opening 

7 Pimip 
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